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ABSTRACT 
International Journal of Exercise Science 7(4) : 339-345, 2014. Inclined treadmill 
walking is a commonly performed activity to increase cardiovascular health.  Handrail support 
on a treadmill provides an individual the opportunity to change their posture with respect to the 
walking surface.  Differences in metabolic cost during inclined walking due to postural changes 
with handrail use are unknown.  To test the hypothesis that metabolic cost will differ depending 
on how handrail support is used, respiratory gas analysis was performed during inclined 
walking in 13 healthy subjects.  Energy expenditure was quantified while each subject walked in 
four conditions: 5% incline unsupported, 10% incline unsupported, 10% incline holding the 
handrails while maintaining an upright posture, and 10% incline holding the handrails while 
leaning backward.  Energy expenditure (kcal min-1) was significantly higher for 10% 
unsupported (8.83 ± 1.60, P < .001) and 10% upright (7.77 ± 2.51, P < .001) relative to 5% 
unsupported (6.32 ± 1.14).  No significant difference was found between 10% leaning backward 
(6.02 ± 2.19) and 5% unsupported.  Altering posture with respect to the inclined walking surface 
by holding the handrails and leaning backward significantly reduces metabolic cost; however, 
utilizing the handrails and remaining upright does not result in a significant reduction at a 10% 
incline.  These data, in concert with subjective measures of perceived effort, may prove valuable 
in the instruction and/or prescription of treadmill walking for a general fitness or weight loss 
regimen. 
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INTRODUCTION 
 
Treadmill walking is a commonly 
performed activity to increase 
cardiovascular health and aid in weight 
maintenance.  A standard feature in most 
commercially available treadmills is the 
ability to change the incline of the walking 
surface.  The effect of varying incline on 
metabolic cost during walking and running 
is well understood (9,10).  Treadmills also 
commonly have different handrail support 
(HRS) configurations that offer stability, 
psychological comfort, or the means with 
which to change one’s orientation while 
using the device.  When incorporating an 
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incline during treadmill use, HRS affords 
additional opportunities to change posture 
with respect to the walking surface.  The 
influence of these common treadmill-user 
interactions on metabolic cost is unclear 
based on past research.   
 
By utilizing HRS and leaning backwards, 
one provides an anteriorly directed 
assisting force to the body’s center of mass.  
When assisted with an anterior load equal 
to 10% of body weight by an external 
apparatus, it was found that the metabolic 
cost of level walking was reduced by 53% 
(6), and running by 33% (4).  Past research 
suggests that using HRS during locomotion 
reduces metabolic cost to some degree 
(2,8,14,7), but whether a similar effect 
occurs during incline walking is not clear.  
During inclined walking, the increased 
muscular demand of using the upper 
extremity to provide an assisting horizontal 
load, as opposed to an external apparatus, 
may somewhat offset the previously 
demonstrated (6) reduction in metabolic 
cost.  In addition, leaning backwards with 
the assistance of HRS by definition will 
alter the angle of the user with respect to 
the walking surface, potentially making this 
inclined leaning posture more similar to 
walking unsupported at a lower incline. 
 
Providing HRS may also increase the ability 
of an exerciser to maintain lateral balance 
during locomotion.  The primary 
mechanism by which humans maintain 
balance laterally during running is by 
varying step width (1), although arm swing 
also is a contributing factor (11).  Restricting 
arm swing during walking results in an 
increase in metabolic cost by approximately 
5% (11,13), which may be a function of the 
increased demands of maintaining lateral 
balance.  However, providing external 
lateral support and restricting arm swing 
has resulted in a reduction of metabolic cost 
of 3% during walking (11), providing 
evidence of an interaction between the two 
variables.  Utilizing HRS restricts arm 
swing, and may add additional medio-
lateral support via a different mechanism 
(i.e., the use of the upper extremity) than 
the aforementioned studies. 
 
Recreational exercisers in a commercial 
gym setting utilize treadmills with a wide 
variety of HRS and incline combinations.  
In order to examine the metabolic costs 
associated with some of the postures 
derived from fitness setting observations, 
the present study sought to quantify the 
differences in metabolic cost associated 
with using HRS with two distinct 
instructions.  It was hypothesized that 
using HRS while maintaining an upright 
posture would not significantly alter 
metabolic cost relative to unsupported 
inclined walking, and that using HRS and 
leaning backward would result in a 
significant reduction in metabolic cost 
compared to unsupported inclined 
walking.  In addition, it was also 
hypothesized that inclined walking while 
using HRS and leaning backward would be 
comparable to walking with no support at a 
less severe incline. 
 
METHODS 
 
Participants 
Thirteen healthy subjects (age: 39 ± 13 y, 
height: 175 ± 8 cm, weight: 78 ± 12 kg, 
resting heart rate (HR): 67 ± 12 beats min-1) 
were made aware of the study’s objectives 
and provided informed consent prior to 
participation.  All subjects were confirmed 
to be of low risk for cardiovascular disease 
by use of the PAR-Q, and all had performed 
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some variation of treadmill walking in the 
past.  All experimental methods were 
approved by the Institutional Review Board 
of the University of Massachusetts-Lowell.  
 
Protocol 
The present study was a repeated measures 
cross-over design.  All subjects were 
instructed to avoid nicotine, alcohol, and 
heavy meals for four hours leading up to 
the experimental trial.  Other than these 
recommendations, pre-trial diet was not 
controlled.  Ambient room temperature was 
not explicitly controlled, and ranged from 
21 to 25 degrees C at the start of the trials.  
Subjects wore a nose clip and a one-way 
breathing mouthpiece connected to the 
TrueOne 2400 Metabolic Measurement 
System (ParvoMedics, Sandy, UT, USA) for 
respiratory gas analysis.  HR was collected 
via telemetry, quantified with a flexible 
strap (Polar WearLink+ Coded Transmitter 
31 strap, Polar, Kempele, Finland) placed 
around the chest at mid-sternum.  All trials 
were performed on a commercial treadmill 
(525T, Cybex International Inc., Medway, 
MA, USA) equipped with support 
handrails along the sides of the console 
(Figure 1).  Subjects were instructed to 
perform five minutes of level walking (i.e., 
0%) as a warm up, then five minutes of 
inclined walking on a treadmill in a 
counterbalanced order according to the 
following conditions: 1. 5U - 5% incline, 
unsupported; 2. 10U - 10% incline, 
unsupported; 3. 10LB - 10% incline, while 
instructed to utilize HRS and lean back by 
straightening the arms; and 4. 10UR - 10% 
incline, while instructed to utilize HRS but 
maintain an upright posture. 
 
 
 
 
Figure 1. The treadmill and handrail configuration used in the present study.  Subjects were instructed to grasp 
along the handrails at a self-selected comfortable height, and to either ‘lean back’ (LB), ‘remain upright’ (UR), or 
walk unsupported (U). 
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Ratings of perceived exertion (RPE) were 
collected by use of the Borg Scale (3) after 
two minutes and four minutes in each 
condition.  Male subjects were instructed to 
walk at a speed of 1.34 m s-1 (3.0 mi hr-1) 
throughout the duration of the experiment, 
while female subjects were instructed to 
walk at a speed of 1.12 m s-1 (2.5 mi hr-1).  
The speeds were selected given the 
reported age-dependent differences in 
maximal aerobic capacity between males 
and females ranging from 11.1% to 35.3% 
(12).  Performance criteria were determined 
based on a standard of modest effort 
changes within the framework of a 
repeated measures design, not the 
achievement of a specific, pre-determined 
HR.  Subjects performed each experimental 
condition for five minutes; steady state was 
defined as HR measures of ± 5 beats min-1 
for two successive minutes.  Five minutes 
was confirmed for all subjects to be an 
adequate amount of time to reach steady 
state and was selected, in part, to minimize 
the total length of the experimental trial to 
mitigate the effects of cardiovascular drift 
(5). 
 
Averages for HR (beats min-1) and volume 
of oxygen uptake (VO2, ml min-1 kg-1) were 
computed over the final two minutes for 
each experimental condition.  Energy 
expenditure (EE, kcal min-1) was predicted 
by the default TrueOne software (OUSW 
4.34, ParvoMedics, Sandy, UT, USA).  The 
two RPE measures reported during each 
condition were averaged.   
 
Statistical Analysis 
One-way ANOVA with repeated measures 
was performed to determine the effect of 
experimental condition on the grand mean 
of each outcome variable, with Bonferroni 
corrections applied post hoc.  Statistical 
analyses were performed with SYSTAT 
(V12, SYSTAT Software Inc., Chicago, IL, 
USA), with α = 0.05. 
 
RESULTS 
 
Statistical analyses revealed differences in 
each of the outcome variables across the 
four experimental conditions (Table 1).  The 
10U condition was significantly greater 
than 5U with respect to VO2 (P < 0.001), EE 
(P < 0.001), and RPE (P = 0.001).  10U was 
significantly greater than 10LB with respect 
to HR (= 0.011), VO2 (P < 0.001), EE (P < 
0.001), and RPE (P < 0.001).  10UR was 
significantly greater than 5U with respect to 
VO2 (P = 0.023), EE (P = 0.047), and RPE (P 
= 0.045).  10UR was significantly greater 
than 10LB with respect to HR (P = 0.010), 
VO2 (P < 0.001), EE (P < 0.001), and RPE (P 
= 0.001).  There was no statistically 
significant different between 10UR and 10U 
for any of the outcome variables under 
investigation (P = 0.066 – 0.705). 
 
Relative to 5U, a 4.7% reduction in 
metabolic cost occurred during 10LB, and a 
39.7% increase occurred during 10U.  
Relative to 10U, a 12% reduction in 
metabolic cost occurred during 10UR 
(although not statistically significant, P = 
0.135), and a statistically significant 31.8% 
reduction occurred during 10LB (P < 0.001).  
When normalized to body mass, EE (kcal 
min-1 kg-1) during each condition was 0.081 
± 0.007 for 5U, 0.112 ± 0.010 for 10U, 0.098 ± 
0.018 for 10UR, and 0.075 ± 0.015 for 10LB. 
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Table 1. Mean (±SD) results for oxygen uptake (VO2), heart rate (HR), energy expenditure (EE), and rating of 
perceived exertion (RPE) as a result of steady state walking at four handrail and incline variations 
 
5U 10LB 10UR 10U 
HR 
(beats min-1) 108.28 ± 30.12 100.61 ± 25.75 110.82 ± 23.38 b 118.97 ± 14.92 b 
VO2 
(ml kg-1 min-1) 16.79 ± 1.42 15.58 ± 3.05 20.28 ± 3.70 ab 23.33 ± 2.05 ab 
EE 
(kcal min-1) 6.32 ± 1.14 6.02 ± 2.19 7.77 ± 2.51 ab 8.83 ± 1.60 ab 
RPE 8.54 ± 1.49 9.5 ± 2.22 10.62 ± 2.12 ab 11.42 ± 1.92 ab 
LB – Leaning back, UR – Upright, U – Unsupported; a indicates > 5U; b indicates > 10LB; both P < 0.05 
 
DISCUSSION 
 
The objective of the present study was to 
quantify metabolic cost as a result of 
different postural configurations afforded 
to an exerciser using HRS during inclined 
walking.  Past research suggests that the 
use of HRS will result in a decrease in EE 
during level walking and running (2,7,8), 
and that instruction or intention (e.g., 
hands ‘resting on’ versus ‘gripping’ the 
handles) will influence the extent to which 
metabolic cost is decreased (2).  This study 
demonstrates that this is not necessarily the 
case for inclined walking, i.e., the 
instruction or intent of the use of HRS will 
dictate whether or not a statistically 
significant decrease in metabolic cost will 
result. 
 
These data suggest that there is no 
statistically significant reduction in 
metabolic cost when utilizing HRS and 
remaining upright compared to 
unsupported walking at a 10% incline.  It is 
concluded that, in support of the first 
hypothesis, if one were to utilize HRS to 
maintain an upright posture, a similar 
metabolic effect was found during 
unsupported walking at the same incline.  
This is possibly due to the similarities in 
whole-body orientation between the person 
and the walking surface of the treadmill 
when instructed to ‘remain upright.’ 
 
Also in agreement with our hypothesis, if 
an exerciser is using HRS in order to 
facilitate a backward leaning posture, our 
results suggest that this will result in a 
statistically significant reduction in 
metabolic cost.  This may be partially 
explained by that fact that leaning 
backward creates a near-perpendicular 
angle between the body of the exerciser and 
the surface of the treadmill, similar to 
walking upright with no incline.  An 
additional consequence of the reclined 
posture is that the user may have been able 
to provide an anteriorly directed assisting 
force with the upper extremity.  Forces 
were not quantified in the present study, 
but our data are consistent with previous 
reports suggesting approximately a 50% 
reduction in metabolic cost as a result of an 
anteriorly directed supporting force during 
level walking (6).  The findings of the 
present study demonstrate a smaller 
magnitude reduction of 31.8%, which may 
be partly due to the added demand of the 
upper extremity musculature as opposed to 
an external apparatus (6).  In addition, these 
findings may also be a consequence of the 
anteriorly directed force providing more 
assistance (i.e., a greater reduction in 
energy expended) during inclined walking 
than during level walking. 
 
For a similar subjective effort rating, a 
similar cardiovascular benefit would result 
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from either walking at a 5% incline 
unsupported, or walking at a 10% incline 
and leaning backward with the aid of HRS.  
Therefore, it is recommended that either 
may be appropriate in a general fitness 
programming structure, with the optimal 
condition being selected with 
considerations of upper extremity health 
and the perceived exertion of the 
individual. 
 
It is important to acknowledge the 
limitations of the present study.  The most 
significant of which is the fact that the 
applied force exerted on the handrails by 
the subjects was not measured.  As such, 
this study is limited in its ability to attribute 
changes in metabolic cost to muscle 
demand of the upper extremity or to the 
posture of the individual.  As a result, it is 
suggested that the differences in energy 
expended between conditions be attributed 
solely to the instruction associated with the 
use of the handrails.  Between-subject 
variations in applied force within a 
particular HRS condition may also have 
influenced overall trends in metabolic cost.  
Despite these limitations, it is 
recommended that the findings are still 
applicable to a general fitness setting, given 
that the handrail-use instruction is known.  
The lower extremity kinematics and 
kinetics of each exerciser were also not 
quantified, as the focus of the study was on 
the metabolic effect of the exercise 
conditions.  These data would substantially 
add to the study’s ability to determine the 
causes of the differences in energy 
expenditure between conditions.  Although 
the total experiment time was limited to 25 
minutes, the effects of cardiovascular drift 
or subject fatigue may nonetheless be 
present.  In an attempt to mitigate these 
effects, a limited number of experimental 
conditions were tested, and the order of the 
conditions was counterbalanced across all 
participants.  Subjects were provided 
general guidelines for food intake leading 
up to the trial, but pre-trial food intake was 
not controlled. 
 
In conclusion, the metabolic cost of inclined 
walking is altered by the use of treadmill 
handrails, specifically as a function of the 
handrail-use instruction and resulting 
posture.  This should be taken in account 
when utilizing established metrics or 
predictive formulae related to the metabolic 
cost of inclined walking.  The differences 
demonstrated herein, in combination with 
subjective measures such as RPE, can be 
utilized when performing or prescribing a 
walking regimen to maximize the 
cardiovascular benefit. 
 
ACKNOWLEDGEMENTS 
The authors would like to acknowledge Dr. 
Susan Sotir for helpful comments during 
manuscript preparation. 
 
REFERENCES 
 
1. Arellano CJ, Kram R. The energetic cost of 
maintaining lateral balance during human running. J 
Appl Physiol 112: 427-434, 2011. 
 
2. Berling J, Foster C, Gibson M, Doberstein S, 
Porcari J. The effect of handrail support on oxygen 
uptake during steady state treadmill exercise. J 
Cardiopulm Rehabil 26: 391-394, 2006. 
 
3. Borg G. Borg’s Perceived Exertion and Pain Scales. 
Champaign, Ill: Human Kinetics Press, 1998. 
 
4. Chang YH, Kram R. Metabolic cost of generating 
horizontal forces during human running. J Appl 
Physiol 86: 1657-1662, 1999. 
 
5. Coyle EF, Gonzalez-Alonzo J. Cardiovascular drift 
during prolonged exercise: new perspectives. Exerc 
Sport Sci Rev 29: 88-92, 2001. 
 
HANDRAIL SUPPORT DURING INCLINED WALKING 
International Journal of Exercise Science                                                          http://www.intjexersci.com 
345 
6. Gottschall JS, Kram R. Energy cost and muscular 
activity required for propulsion during walking. J 
Appl Physiol 94: 1766-1772, 2002. 
 
7. Manfre M, Yu G, Varma A, Mallis G, Kearney K, 
Karageorgis M. The effect of limited handrail 
support on total treadmill time and the prediction of 
VO2max. Clin Cardiol 17: 445-450, 1994. 
 
8. McConnell T, Foster C, Conlin N, Thompson N. 
Prediction of functional capacity during treadmill 
testing: effect of handrail support. J Cardiopulm 
Rehabil 11: 255-260, 1991. 
 
9. Minetti AE. Energy cost of walking and running at 
extreme uphill and downhill slopes. J Appl Physiol 
93: 1039-1046, 2002. 
 
10. Minetti AE, Ardigo LP, Saibene F. Mechanical 
determinants of the minimum energy cost of 
gradient running in humans. J Exp Biol 195: 211-225, 
1994. 
 
11. Ortega JD, Fehlman LA, Farley CT. Effects of 
aging and arm swing on the metabolic cost of 
stability in human walking. J Biomech 41: 3303-3308, 
2008. 
 
12. Shvartz E, Reibold RC. Aerobic fitness norms for 
males and females aged 6 to 75 years: a review. 
Aviat Space Environ Med 61: 3-11, 1990. 
 
13. Umberger BR. Effects of suppressing arm swing 
on kinematics, kinetics, and energetics of human 
walking. J Biomech 41: 2575-2580, 2008. 
 
14. Zeimetz G, McNeil J, Moss R. Quantifiable 
changes in oxygen uptake, heart rate, and time to 
target heart rate when hand support is allowed 
during treadmill exercise. J Cardiopulm Rehabil 5: 
525-530, 1985. 
 
